Abstract In this study, yogurt was supplemented with 1.5 and 3.0 g L -1 of grape extract, inoculated culture containing Streptococcus thermophilus, Lactobacillus bulgaricus, Lactobacillus acidophilus and Bifidobacterium bb12 bifidum, fermented and stored at 4°C. Acid production, microbial growth, gel strength, syneresis, rheological and sensory properties were studied. An increase in grape extract concentration extended fermentation time. Bacterial strains were found in at least 109 CFU100 g -1 of yogurt showing the possibility of probiotic yogurt production with grape extract. Gel strength decreased with increasing concentration of grape extract while syneresis increased. The addition of grape extract changed the dilatant behavior to a pseudoplastic behavior, decreased yield stress, whereas k values increased. Sensory attributes (color, flavor, taste, texture and appearance) didn't differ significantly.
Introduction
The consumption of fermented dairy products, especially yogurts containing probiotic bacteria, has increased markedly over the years (Zare et al. 2011) . Probiotics bacteria are defined as live microorganisms that when administered in sufficient amounts, provide health benefits on the host.
Yogurt is a milk protein network aggregated through isoelectric precipitation by lactic acid bacteria. Streptococcus thermophilus and Lactobacillus bulgaricus are used to produce lactic acid from lactose during fermentation (Sun-Waterhouse et al. 2013) . Probiotic yogurt-contacting probiotic strains such as Lactobacillus acidophilus and Bifidobacterium bb12 bifidum-is claimed to offer many health benefits such as improve lactose utilization and inhibit cancer (de Vrese et al. 2001; Rafter 2003) .
Phenolic compounds (PCs) are also known for their health benefits, especially for the prevention of chronic diseases as cancer (Hervert-Hernández et al. 2009 ). PCs are produced by plants as their secondary metabolites to protect themselves from oxidative stress (Larrauri et al. 1998; Ignea et al. 2013) .
Supplementation of probiotic yogurt with phenolic compounds can be a great alternative for optimizing benefits of yogurt and phenolic compounds intakes. Adding those compounds has been proposed for many products such as dairy beverage (Boroski et al. 2012) , milk powder (Gad and El-Salam 2010) , probiotic petit Suisse cheese (Pereira et al. 2016 ) and cheese (Felix da Silva et al. 2015) . However, yogurt physical and sensory properties are important aspects for consumer acceptability and can be altered by the addition of some ingredients. Acid production, microbial growth during fermentation and storage, yogurt texture and flavor can be modified by the addition of phenolic compounds-rich ingredients due to interactions with proteins.
The interaction between phenolic compounds and proteins depends on their molecular properties, molar ratio and pH (Gad and El-Salam 2010) . Grape extract is a great sources of polyphenols. It is sold commercially and has Generally Recognized as Safe (GRAS) status authorized by the United States Food and Drug Administration (FDA) in 2003. They have shown antioxidant activities in various food formulations (Hu et al. 2004; Shaker 2006; Brannan and Mah 2007) .
The objective was to focus on the effect of adding different concentrations of commercial grape extract to probiotic yogurt. Acid production during fermentation, survival of microorganisms, gel strength, syneresis, rheological and sensory attributes were determined.
Materials and methods

Material
Grape extract from Vitis vinifera was kindly provided by Ethical Naturals Ò (Sunnyvale, CA). According to Ethical Naturals Ò specifications, the extract was prepared using a mixture of ethanol and distilled water (50:1 volume ratio) and lyophilized. Whole pasteurized milk (Lactobom Ò ) containing 3.51% fat, 3.3% protein was purchased in the local market. Mixed yogurt culture (Chr. Hansen A/S, Denmark) containing S. thermophilus, L. bulgaricus, L. acidophilus and Bifidobacterium bb12 bifidum was used. All other reagents were of analytical grades.
Yogurt production
Whole pasteurized milk was used to prepare yogurt formulations. Three formulations were prepared: control (0 g L -1 ), 1.5 and 3.0 g L -1 of grape extract. For the starter culture activation, whole pasteurized milk was inoculated with 1% of freeze-dried culture and incubated at 43°C until pH 5.3 was reached. Whole pasteurized milk was heated to 90°C for 3 min and then cooled to 43°C, inoculated at 3% (v/v) with starter culture and placed in 50 mL plastic pots and falcon tubes until pH 4.6 was reached. The yogurts samples were cooled to 4°C aiming to stop fermentation. The acidification trend during fermentation was measured. Yogurt analyses were performed in triplicate after 24 h of storage at 4°C. Viable cell counting analyses were done after 3, 7 and 12 days of cold storage.
Yogurt physicochemical characterization
Titratable acidity (g acid lactic 100 g -1 ) was measured based on the volume of sodium hydroxide (0.1 M) used to neutralize acids present in yogurt. The following equation was used to calculate titratable acidity: Titratable acidity ðg lactic acid 100 g À1 of yogurtÞ ¼ ðV Â f Â 0:9Þ=m V: sodium hydroxide 0.1 M volume; f: molarity of sodium hydroxide solution; 0.9 = conversion factor for lactic acid; m: mass (g) of yogurt sample.
Ashes, fat, pH and moisture were also measured (AOAC 1990) . The protein analyses were performed based on the determination of nitrogen by the micro-Kjeldahl method (AOAC 1990) . The nitrogen-to-protein conversion value used was 6.38.
Yogurt microbiological test
Bacterial counts were carried out in triplicate after 3, 7 and 12 days. One mL of sample was diluted with 9 mL of 1 g L -1 sterile peptonized water. Eight serial dilutions were done and each microorganism was counted in the three most appropriate dilutions. M17 agar culture media was used for quantifying viable cells of S. thermophilus. The pour plate technique was used. After inoculation, the plates were incubated at 37°C for 48 h. For L. bulgaricus was used acidified MRS agar glucose as culture media. After inoculation, the plates were incubated inverted in anaerobic jars containing Anaerobac generator (Probac) at 37°C for 72 h.
Bifidobacterium Ejtahed et al. 2011; Shori and Baba 2015a) .
Gel strength and syneresis
Gel strength (N) of yogurt formulations were obtained using a CT3 Texture Analyzer (Brookfield Engineering Laboratories, Inc., Middleboro, USA) using a cylindrical acrylic probe (d = 35 mm) in a penetration test with the following settings: test normal; trigger 15 grams; deformation 5.0 mm; and speed 1.0 mm s -1 . Gel strength was measured based on the ratio of deaf peak and work. To evaluated syneresis of yogurt, the percentage of whey released after centrifugation was measured. Yogurt was prepared directly 50 mL falcon tubes and centrifuged at 5009g for 10 min at 4°C. The syneresis was expressed in percentage of whey released after centrifugation (Robitaille et al. 2009 ).
Rheological properties
The flow curves measurements were performed using a controlled stress rheometer Mars II (Haake Ò , Thermo Fisher Scientific Inc., Newington, Germany) fitted with a 35 mm diameter cone-plate with a gap of 0.052 mm. The analysis was performed in triplicate for each formulation at 10 and 20°C. The shear rate varied from 0 to 22 s -1 in updown-up steps. The flow curve data were fitted to the Herschel-Bulkley model as suggested by many authors (Eq. 1) by a nonlinear regression analysis using Origin Pro 2016 (Northampton, Massachusetts, USA) (Silva et al. 2010; Regina et al. 2014; Pereira et al. 2016) .
where r is the shear stress (Pa), r 0 is the yield stress (Pa), k is the consistency index (Pa.s n ), c is the shear rate (s -1 ), and n is the flow behavior index (dimensionless).
Sensory testing
Color, flavor, texture and overall appearance of yogurt supplemented with grape extract were evaluated by 120 untrained panelists using a 9-point hedonic scale. Panelists were asked to score samples from extremely dislike (1 point) to extremely like (9 points). The yogurt samples were served in white plastic pots in individual booths under light exposure. The temperature was kept at 10°C. The variance analysis of the results was carried out from the randomized block design, using the Tukey test considering a significance level of P B 0.05. Sensory evaluation was carried out 3 days after production.
Statistical analysis
Yogurts preparation and analyses were carried out in triplicate and variance analysis was conducted using Statistical Analysis System (SAS) version 9.1 (SAS Institute Cary, NC, USA). Differences were considered significant when P \ 0.05. Standard errors were obtained from the statistical model and indicated in tables or in graphics as error bars.
Results and discussion
Characterization of grape extract
In a previous study (Felix da Silva et al. 2015) we have characterized different grape extracts. The solubility of 85.6 ± 3.62, moisture of 2.6 ± 0.35, total phenolic compounds (mg GAE g -1
) of 962 ± 8.27, total flavonoids (mg QE g -1 ) of 111 ± 4.22 and DPPH (IC 50 4 , lg mL -1 ) of 78 ± 0.41 was observed.
Yogurt physicochemical characterization
As shown in Table 1 , pH, titratable acidity (g lactic acid 100 g -1 yogurt), protein, ash, fat and moisture content were not significantly different when compared with the samples with 0, 1.5 and 3.0 g L -1 of grape extract (P \ 0.05). These results were similar to those found in a study on yogurt added flavoring caramel (Ramírez-Sucre and Vélez-Ruiz 2013).
Acidification trend during yogurt fermentation and microbiological tests
The grape extract was mixed (1.5 and 3.0 g L -1 ) with milk and inoculated with the microorganism culture. Also, control (without grape extract) sample was produced. The pH monitored during fermentation and acidification trend is presented in Fig. 1 . An increase in grape extract concentration extended fermentation time. The initial pH of the milk was 6.68, the addition of 1.5 and 3.0 g L -1 of grape extract did not reduce the initial pH of the milk significantly (P B 0.05). The formulation supplemented with 3.0 g L -1 of grape extract showed a decrease in acidification rate, as compared to the control. This effect was statistically significant after
also resulted in lower acidification rate which became significant after 4 h of incubation (0 g L -1 pH = 4.9; 1.5 g L -1 pH = 5.3, 3.0 g L -1 pH = 5.54). The time taken for supplemented yogurt to reach pH 4.6 was 7 and 8 h for 1.5 and 3.0 g L -1 respectively. The effects of grape attract addition on probiotic yogurt have not been studied earlier thus, the comparison of our results with literature data was not possible.
The effect of antioxidant compounds on fermentation time during yogurt production has been studied (Jaziri et al. 2009; Amirdivani and Baba 2011) . The authors have shown that the different interactions between phenolic compounds from different sources may occured. Yogurt supplemented with peppermint extract (M. piperita) showed a longer fermentation time compared to yogurt supplemented with dill extract (A. graveolens) (Amirdivani and Baba 2011) . No differences were found in the fermentation time of yogurt supplemented with 2 and 4% of black and green tea (Jaziri et al. 2009 ). Those results suggested that different antioxidant source may affect the fermentation time in a different way. In this study, the addition of grape extract extended the fermentation time.
Overall, the survival of functional bacteria in fermented dairy products depends on numerous environmental and technological factors (Lourens-hattingh and Viljoen 2001). Streptococcus thermophilus and L. bulgaricus have associated growth in yogurt (Sun-Waterhouse et al. 2013 ), but the presence of different strains as L. acidophilus and Bifidobacterium can interfere with this associate microbial growth. The microorganism can continue to grow during storage. The number of viable microorganisms is an important factor in the final product in terms of acidification and nutritional health benefits attributed to yogurt. It is recommended that yogurt or fermented milk should contain at least 10 8 CFU/g (EFSA 2010). The stimulatory or inhibitory effect of grape extracts on microorganisms growth can be affected by its composition and phenolic profile (Rodríguez et al. 2009 ).
The effect of the grape extract on the survival of yogurt microorganisms, viable cells count of L. acidophilus, Bifidobacterium, S. thermophilus and L. bulgaricus were determined after 3, 7 and 12 days. The results for L. acidophilus, Bifidobacterium bb12 bifidu, S. thermophilus and L. bulgaricus viable cells are shown in Table 2 .
In the present study, the added phenolic compounds changed yogurt starter culture activity but enabled their survival and growth up to 12 days (Table 2) ) and supplemented with grape extract (1.5 and 3.0 g/L). Error bars represent the standard error obtained from the statistical model more active derivatives (e.g. aglycones) under certain conditions, which might enhance starter culture activity (Sun-Waterhouse et al. 2013 ). However, the counting of Lactobacillus acidophilus in supplemented yogurts showed lower counts after 3 days of cold storage compared to control samples. L. acidophilus viable cells counts showed difference (P \ 0.05) comparing control (0.0 g L -1 ) with supplemented (1.5 and 3.0 g L -1 ) formulations. Control (0.0 g L -1 ) showed the highest viable cell counts at days of analyses. The supplementation of yogurt with grape extract decreased the number of L. acidophilus but did not show the difference between 1.5 and 3.0 g L -1 formulations ( Table 2 ). It suggests that grape extract may have an antimicrobial effect.
In this study, the supplementation of probiotic yogurt with grape extract affected the time for yogurt production but did not interfere in the number of viable bacterial cells required for health benefits (Grajek et al. 2005) . Phenolic compounds have different levels of antimicrobial effects (Rauha et al. 2000; Välimaa et al. 2007 ). Varied effects of added bioactive ingredients on different microorganisms were reported, which can be associated with the differences in chemical structure and antioxidant activity (SunWaterhouse et al. 2013) . Bacteria type may also determine the antimicrobial effect (Alberto et al. 2001; Lee et al. 2006) .
Bifidobacterium showed a higher viable cells counts in the presence of 1.5 g L -1 grape extract at day 3 followed by a decrease at day 7 and 12 of storage while 3.0 g L -1
had a decrease in counts between day 7 and 12 (Table 2) . In this study, grape extract increased the fermentation time, i.e., the time to reach pH 4.6 acting as a buffering (higher pH), what allows the growth of Bifidobacterium (Shori and Baba 2015b) . Therefore, at least 10 8 CFU/g yogurt were present ensuring the yogurt properties.
Studies have shown the effect of grape extract, grape residues extract and standard compounds as quercetin, gallic acid, catechin, tannin acid on the growth of L. acidophilus in agar diffusion tests. The authors did not find an inhibitory effect on L. acidophilus CECT 903 growth, showing that this microorganism was not affected by the presence of a concentration of 500 lg/mL of grape pomace (Hervert-Hernández et al. 2009 ). Grape extract and grape pomace contain a wide array of phenolic compounds.
A study with L. acidophilus ATCC 4356 showed resistance behavior in the presence of tannic acid at a concentration up to 1000 lg/mL (Chung et al. 1998 ). Other authors suggested that a higher concentration would be required to inhibit the growth of this lactic acid bacteria strain. This finding suggests that L. acidophilus CECT 903 strain, as well as other lactic acid bacteria, possesses the ability to degrade tannic acid and obtain energy from it (Rodríguez et al. 2009 ).
In this study (Table 2) , the counts of S. thermophilus viable cells remained constant for supplemented formulations while the control formulation had a significant decrease after 7 and 12 days (P B 0.05). A study showed that yogurt supplementation with pycnogenol extract did not affect the growth of Streptococcus and Lactobacillus, while isoflavones and phytosterols did (Ramchandran and Shah 2008) . Blackcurrant extract and cyanidin added before yogurt fermentation affected differently the colony number starter cultures S. thermophilus and L. bulgaricus (Sun-Waterhouse et al. 2013) . In a yogurt matrix, various interactions could occur such as bindings between phenolic compounds and milk proteins or polysaccharides (Papadopoulou and Frazier 2004) .
Grape extracts are known for their high content of total phenolic compounds mainly oligomeric proanthocyanidins (74-78%) and less than approximately 6% of free flavanol monomers (Perumalla and Hettiarachchy 2011) . Studies have shown the influence of adding phenolic compounds on the chemical, physical and microbiological properties of drinking yogurt showing that those compounds can be successfully incorporated into drinking yogurts with no decrease in survival and growth of Streptococcus and Lactobacillus (Sun-Waterhouse et al. 2013).
Gel strength and syneresis
The yogurt gel strength and yogurt syneresis are important parameters to measure yogurt quality. The values of gel strength after force compression and syneresis percentage are shown in Fig. 2 . The addition of grape extract influenced both the texture and the syneresis (P B 0.05). Phenolic compounds are a group of plants secondary metabolites responsible for its defense mechanisms, which has strong ability to associate with primary metabolites such as proteins and carbohydrates (McManus et al. 1985; Papadopoulou and Frazier 2004; Han et al. 2011a, b) .
The structure of milk protein network is a result of noncovalent interactions, mainly, hydrophobic interactions between the side chains of the amino acids (Han et al. 2011a ). The addition of phenolic compounds in milk may induce interactions with the hydrophobic surface of milk protein, which would reduce hydrophobic interactions between the amino acid side chains. A reduction in the number of available hydrophobic functional groups could result in a decreased of water binding (Han et al. 2011b) .
Syneresis is controlled by the balance between attraction and repulsion forces within the casein network and the rearrangement capacity of the network bonds (MatumotoPintro et al. 2011; Giroux et al. 2014) . In this study, syneresis was significantly affected by the grape extract concentration (P B 0.05). This effect may be explained by the structural difference in the gels induced by phenolic compounds. Polyphenols may increase rearrangements, which would results in larger pore size in the gel matrix which is associated with higher syneresis. Han et al. (2011a, b) reported results indicating that milk gel syneresis increased in the presence of commercial grape extract. Interactions between phenolic compounds and yogurt proteins allow water not connect strongly to the network proteins (Han et al. 2011a, b) .
Gel strength decreased with increasing concentration of the grape extract, which means that a lower force was required for deformation (Fig. 2) . Studies have shown that polyphenols interact with milk protein and can induce crosslinking and network bonds destabilization (O'Connell and Fox 1999; Han et al. 2011b) . Reduced gel strength in the presence of phenolic compounds indicates a weak gel structure. This could be explained by reduced repulsion between the proteins of the gel matrix. In a study using different commercial grape extracts in cheese making, this results indicated that milk gel syneresis increased in the presence of commercial grape due to hydrophobic bonds (Han et al. 2011b) . Studies with probiotic petit Suisse cheese supplemented with phenolic compounds rich extract (jabuticaba-Plinia trunciflora extract) showed a decreased in the gel strength, suggesting that the addition of antioxidant interfere in the formation of protein network (Pereira et al. 2016) .
Rheological properties
The flow curves for the samples at 10 and 20°C were presented in Fig. 3 showing a thixotropic non-Newtonian behavior. The samples also showed the presence of yield stress related to the existence of an interactive or crosslinked structure (Fangary et al. 1999) . The yield stress can be used to characterize the firmness of the yogurts (Smith 1978) . The control sample (0.0 g L -1 ) presented the highest value of yield stress while the yogurt supplemented with 3.0 g L -1 presented the lowest value at 10 and 20°C confirming a weaker gel (Fig. 2) . Studies with petit suisse and cheese with antioxidant compounds have shown similar results regarding the wreaking of gel structure (Han et al. 2011a; Pereira et al. 2016) . The samples showed a non-Newtonian behavior and the shear rate curves were modeled mathematically using the Herschel-Bulkley equation (Fangary et al. 1999 ) obtaining the parameters presented in Table 3 . The data were well fitted showing a R 2 higher than 0.96. The control sample (0.0 g L -1 ) at 10°C showed dilatant behavior (n [ 1). The addition of grape extract has changed this behavior to pseudoplastic. This change in behavior may be related to the change in the network interaction between milk protein and phenolic compounds. The addition of the antioxidant extract may induce the decrease of yield stress, whereas k values increased with the supplementation. Similar results were found in petit suisse supplemented with ascorbic acid, glucose oxidase, cysteine and jabuticaba extract (Pereira et al. 2016) .
A thixotropic phenomenon can be explained by the change in viscosity when a shear force is applied, first, the gel network tends to resist to the shear force and then, the breakdown occurs after a critical shear rate application (Bourne 2002) . This behavior can be estimated using the difference between the areas under the curves of shear rate versus shear stress, once the energy required for disrupting the gel structure is proportional to the area of the hysteresis (Bourne 2002) . The hysteresis area data is shown in Table 3 . Thixotropy of control sample (0.0 g L -1 ) was higher than the other samples. Hysteresis area value decreased as the increase of grape extract addition ) indicating a weaker structure of supplemented yogurt. These results agree with the previous data from the texture analysis.
Sensory properties
Yogurt control and supplemented with grape extracts were ranked in terms of color, flavor, taste, texture and overall appearance and results are presented in Table 4 . The lowest numbers represent less desirable and the highest represent the most desirable formulations [i.e., extremely dislike (1 point) until extremely like (9 points) with a score of 5 points representing neither like or dislike]. None of the sensory attributes differ significantly (P B 0.05). Based on sensory properties, it was possible to supplement yogurt with 1.5 and 3.0 g L -1 of grape extract without significant sensory changes.
Conclusion
The grape extract can be used as an ingredient in probiotic yogurt containing S. thermophilus, L. bulgaricus, L. acidophilus and Bifidobacterium bb12 bifidum. The grape extract increased fermentation time. The addition of grape extract did alter significantly the yogurt gel strength and syneresis compared with control formulation. Those differences resulted in a supplemented yogurt with softer texture. Syneresis increased in yogurts formulated with grape extract and the dilatant behavior has changed to a pseudoplastic behavior, decrease of yield stress, whereas k values increased with the supplementation. However, from a sensory stand point no differences were found between the samples. The production of supplemented probiotic yogurt-up to 3.0 g L -1 grape extract-is feasible in industrial and consumer point of view, once did not show significant sensory or microbiological activities changes. ) and supplemented with grape extract (1.5 and 3.0 g L 
